Abstract Blunt traumatic vertebral injury (TVAI) is frequently associated with head and neck injury and is being detected with increasing frequency due to improved imaging of the trauma patient. In a few cases, it can lead to potentially fatal posterior circulation ischaemia There is debate in the literature regarding whether TVAI should be actively screened for and, if so, how. Management of TVAI may be conservative, medical (antiplatelet agents or anticoagulation), endovascular or open surgery. We review the literature concerning the mechanisms and presentation of TVAI following blunt injury and the current screening recommendations. Management strategies proposed are based on the radiological grade and clinical severity of TVAI, where high-grade symptomatic injuries and highgrade injuries in patients where anticoagulation is contraindicated are treated endovascularly and asymptomatic or low-grade injuries are managed with anticoagulation where it is not contraindicated. Follow-up is via CT angiography to assess for resolution of the injury.
Introduction
Vertebral artery injury can be spontaneous or traumatic. Traumatic vertebral artery injury (TVAI) presents a clinical challenge since it is hard to detect, has a diverse presentation and there are no widely accepted guidelines on diagnosis and management. Most evidence available on TVAI is class 3, based on case series from individual institutions. Spontaneous vertebral artery dissection is well described and typically managed by anticoagulation [1] ; however, traumatic dissection is a more common cause of posterior cerebral circulation stroke in patients under the age of 45 years than spontaneous dissection [2] . TVAI, although frequently asymptomatic [1] , can have disastrous consequences of basilar territory infarction and death. TVAI may occur following blunt or penetrating trauma; this review considers blunt TVAI. We address the current evidence regarding screening and management strategies of TVAI.
Search strategy
We conducted a review of the literature trying to identify all articles related to traumatic vertebral artery injury. The following electronic databases were searched: PubMed, Web of Knowledge, EMBASE, Cochrane Database of Systematic Reviews and the Cochrane Central Register of Controlled Trials. All studies form 1 January 1950 till 31 December 2010 were considered. As we did not have stringent inclusion or exclusion criteria with regard to levels of evidence, we used a broad search strategy with the terms: ''vertebral artery'' AND (injury OR trauma OR dissection). We received 2,801 articles from PubMed, 305 from Web of Knowledge, 584 from EMBASE and 3 from Cochrane library. Only studies reported in English, regarding human subjects were included.
Three reviewers (MC, RD, NH) independently evaluated the abstract of each full-text article and determined the affinity of those studies to the purpose of our review with regard to incidence, diagnosis, management and complications of traumatic vertebral artery injury. Discrepancies between reviewers were resolved by consensus, data sets were merged and duplicates removed. Our referenced articles found in Tables 1, 2 , 3, 4, 5 provide the evidence base for our recommendations.
Epidemiology
TVAI is well recognised in trauma and its incidence increases greatly in the presence of head or cervical spine injury. The reported incidence is highly variable in the literature (0.5-2% of all trauma patients) [3] [4] [5] [6] [7] . Some series have found coexisting TVAI in up to 20% of patients with head injuries. Data from the 1980s estimated TVAI to account for 3-19% of all cervical vascular injuries [8] . These figures have increased as the use of screening has increased detection rates, with recent series finding VAI in 17.2-25.5% in blunt cervical spine trauma [9] [10] [11] [12] [13] .
Considerable variation in TVAI incidence is reported with cervical spine fractures, up to 70% of which have coexisting TVAI [14, 15] . This may be due to variations in screening protocols used in these individual studies. However, the subpopulation of all TVAI patients who are symptomatic is unclear. The accurate identification of this subpopulation, to distinguish them from those with a more benign natural history, is central to the correct management of these patients and represents the greatest challenge.
Anatomy
Blunt TVAI tends to occur where vessels are exposed to shearing forces, principally at junctions between fixed and mobile segments. The anatomical segments of the vertebral artery and its course are shown in Fig. 1 . The V2 segment is the most commonly affected in adult TVAI [9, 16] . In infants and children, the V3 and upper V2 segment are more commonly affected [17, 53] . This may be related to the higher laxity of ligaments at the craniocervical junction in children associated with lower velocity trauma, while in the adult population most of the injuries relate to highimpact trauma with forced flexion/extension and lateral rotation involving the whole of the cervical spine. TVAI is unilateral or bilateral, with unilateral TVAI predominating (around two-thirds of cases) [6] . The artery is well protected inside the foramina transversaria in the V1 and V2 segments, although a recent MRI study of 250 patients' vertebral arteries shows that 8% had segments lying outside the transverse foramen [18] . This segment is less surgically accessible. In the V3 and V4 segments, the artery has greater mobility and may therefore be more resistant to blunt trauma.
Unilateral hypoplasia of the VA occurs in approximately 10% of individuals [18] and is compensated for by collateral flow most commonly from the contralateral vertebral or a foetal-type posterior communicating artery circulation. This is clinically central to determining the risk of an individual's injury becoming symptomatic, or conversely the risks of a treatment strategy (which may risk or deliberately incur occlusion of the affected vessel) for individual patients.
Mechanisms
Mechanisms of cervical spine injury described in association with TVAI are hyperflexion, hyperextension, distraction, facet dislocation and fractures of the cervical spine. Higher risk injuries include fractures of the C1-C3 segment, foramen transversarium involvement and subluxation [3, 19] .
Motor vehicle accidents are the leading causes of TVAI [20] , whilst other mechanisms include direct assault, hanging and sporting injuries. An autopsy study of 16 Grade V Vessel transection patients with TVAI due to road traffic accidents sheds light on the factors, which increase the risk of TVAI. These include a major rotational component to the injury. Risk of artery rupture was associated with vertebral artery asymmetry [21] . Blunt TVAI without cervical spine fracture is described after neck manipulation by chiropractors and physiotherapists, and during sports involving repetitive neck movements, notably swimming [2, 6] . The risk of spontaneous vertebral artery dissection is also known to be increased in connective tissue disorders. Minor or seemingly innocuous supraclavicular trauma may also precipitate TVAI in such patients [22] . The pathophysiology of TVAI includes occlusion, dissection, thrombo-embolism, intimal damage, pseudoaneurysm, rupture, arteriovenous fistula and transection [3, 9, 23] . All these mechanisms can induce secondary vasospasm.
Natural history of TVAI detected by current screening procedures
The natural history of asymptomatic TVAI is relatively well understood since so many are treated conservatively. Typically, adequate collateral circulation ensures that there are no adverse clinical events, although patients who do experience vertebral artery territory ischaemia often suffer major neurological insults. These may be prevented if TVAI is confirmed by screening and the patient managed in a timely fashion. Recent data indicate that 90% of Association with complex cervical spine fractures [39] No association with complex cervical spine fractures [39] No correlation between Colorado radiological severity and prognosis Correlation between Colorado radiological severity and prognosis
Presence of traumatic aneurysms less common [40] Higher incidence of traumatic aneurysms [40] VA is difficult to access surgically Easily accessible for surgery Eur Spine J (2011) 20:1405-1416 1407 [24] showed that 8 of 13 treated and untreated TVAIs improved radiologically after 1 month, with the other 5 remaining stable. However other conflicting reports suggest that 14-54% of untreated patients develop ischaemic events ranging from transient ischaemic attacks to full basilar territory strokes. Basilar occlusion and associated infarction has an 80% mortality, similar to the mortality rate reported by Matas, who first described TVAI in 1893 [15, 25] . The overall mortality of TVAI has been estimated at 4-8% [15, 26, 27] . Late presentation of TVAI may be due to delayed ischaemic deficit associated with vasospasm. There is no discussion of the recurrence rate in a series of pure TVAI (excluding carotid injuries) and neither is there data to suggest the time window during which patients with TVAI are at highest risk of ischaemic events. Some evidence is available from a study that reported a 10.4% rate of recurrent events in a series of 116 patients with both TVAI and a smaller number of traumatic carotid artery injury (TCAI) patients [2] . The authors do not specify how many of the recurrent events were in TVAI patients [2] . It is debatable whether TCAI and TVAI should be regarded as a single entity in this context, although they may rarely coexist.
Clinical presentation
Symptoms and features in the history suggestive of TVAI Unilateral TVAI is estimated to be symptomatic in only up to 20% of cases due to extensive collateral supply within the posterior circulation [15] . Symptomatic TVAI may present with ischaemic symptoms directly after the injury or may present with posterior circulation insufficiency in a delayed manner, up to 3-6 months in some cases [5, 28] . In the symptomatic subgroup of TVAI, neurological symptoms occurred in only 70% within the first 24 h post-injury according to a small series [2] . Delayed presentation and recurrent events may lead to sudden later deterioration, resulting in misdiagnosis and medico-legal concern surrounding the original trauma. Prior knowledge of TVAI, even if treated conservatively, is vital should the patient re-present at a later date with posterior circulation ischaemic symptoms.
TVAI may even be asymptomatic in the presence of serious radiological features of TVAI such as arteriovenous fistulae [29] . A recent series reports 79 patients with 97 clinical events attributed to TVAI over a 6-month period, 20% of these patients suffering a permanent deficit [5] . The key presenting complaints of symptomatic TVAI are due to ischaemia of the cerebellum, brainstem and the primary visual cortex. Symptoms include headache, neck pain, sensory and gait disturbance, dizziness, nausea and vomiting, altered consciousness, and speech and visual abnormalities. A case and characteristic imaging of a patient with symptomatic TVAI, presenting with posterior circulation infarction, is shown (Fig. 2) .
In view of the high proportion of TVAI that is initially asymptomatic, a high index of suspicion should be maintained for it based upon the mechanism of trauma and the nature of associated injuries. Associated injuries are seen in most (93%) patients [24] . Spinal cord injury coexists in 50-59% of patients with TVAI [12, 30] and complete cord injury is more commonly associated with TVAI (50%) than incomplete cord injury (12%) [11] , presumably due to greater forces exerted on the neck at the time of injury. The Denver criteria highlight injuries frequently associated with TVAI and TCAI and suggest that the presence of these injuries (Table 1) should be used to prompt screening.
Physical examination
On physical examination, findings suggestive of TVAI can be classified into those directly due to posterior circulation ischaemia and those relating to traumatic injuries commonly associated with TVAI. Examination findings of posterior circulation ischaemia include dysarthria, impaired balance and coordination, ataxic gait, visual field defects, diplopia, nystagmus, Horner's syndrome, hiccups, lateral or medial medullary syndrome, lower cranial nerve palsies, papillary abnormalities and impaired consciousness. Physical examination findings suggestive of associated trauma based upon the mechanisms suggested by the Denver criteria are neck tenderness, maxillofacial injuries, skull base fracture, head trauma, signs of hanging, high impact, flexion/extension or deceleration injury [4] .
Laboratory studies
In addition to routine laboratory studies, in the setting of suspected TVAI it is important to obtain a coagulation screen and platelet count, especially in patients taking anticoagulant medications who may require radiological intervention, group and save, renal profile (for patients who may be receiving intravenous contrast) and pregnancy test. Figure 3 provides a suggested algorithm for integrating symptoms, physical examination findings and mechanism of injury in cases of suspected TVAI to prompt further investigation.
Screening for and diagnosing TVAI
As mentioned in the natural history of TVAI, there is little published data regarding the time frame of manifestation of neurological events after the trauma. The only data so far are from two large series [31, 32] , which have reported combined results between the carotid and vertebral artery blunt injuries. The majority of events of blunt cerebrovascular injuries seem to develop within 10-72 h after the injury. If the people suffering an event in the early hours of the trauma (for which there is no time to institute effective treatment) are excluded, the need can be considered for an aggressive high-sensitivity and specificity screen, which at the same time would be easily accessible.
The advantages of actively screening for TVAI include treatment planning, with a view to anticoagulation, and preventing delayed presentation with ischaemic posterior circulation events. In addition, once TVAI lesions are detected, close follow-up can be instituted to ensure resolution of the lesion and to pick up the late complications of pseudoaneurysm formation, residual stenosis or arteriovenous fistula. It is important to avoid attributing depressed Fig. 1 The vertebral arteries are composed of four segments. V1, the extraosseous segment, starts at the origin of the vertebral artery and runs to the transverse foramen of the C6. V2 is the foraminal segment where the artery passes through the transverse foramina from C6 to C1. V3, the extraspinal segment begins at the foramen transversarium of C2. The vertebral artery then passes along the superior aspect of the posterior ring of C1, then twists antero-superior towards the foramen magnum where it pierces the dura. Then begins V4, the intradural segment which courses to the pontomedullary junction, where the basilar artery is formed consciousness solely to concomitant TBI and hypoxia or hypovolaemia from associated trauma. The problems of searching for TVAI include the invasive nature and availability of the gold standard investigation, i.e. digital subtraction angiography (DSA), which cannot routinely be justified in head and neck injury patients. Other methods of screening for TVAI include CT and MR angiography (CTA and MRA). DSA is the gold standard, but itself carries 0.5% risk of stroke. The sensitivity of CTA in detecting VAI has improved over time, with one series showing 99% sensitivity of multislice CTA for angiographically proven VAI [7] . CTA-based screening was found to reduce the time to diagnosis 12-fold and the stroke rate due to the injury fourfold [33] . We believe that the literature so far supports the recommendation of CT angiography as the preferred method of choice for screening of TVAI (Table 2) .
MRA has been shown to be a valid technique for imaging vertebral artery pathology and some centres have started using it for detecting TVAI [11, 34, 35] . Other Fig. 2 Images from a 64-year-old man who presented with acute vertigo and vomiting 2 weeks after a flexion-extension injury of his neck with continued neck pain. At the time of the injury, X-rays and a CT scan (a sagittal reformat) showed an unstable type 2 odontoid fracture, which was managed with a hard collar. An MRI (b axial FLAIR sequence) following admission with clinical features of a cerebellar ischaemic event 2 weeks later showed high signal in the left PICA territory compatible with acute infarction. A CT angiogram (c coronal maximum intensity projection) showed occlusion of the left vertebral artery arising from a dissection at the level of the C1/2 junction. He was managed with immediate anticoagulation using heparin, which was temporarily stopped after 3 days to allow surgery to stabilise the fracture via C1-C3 sublaminar wiring (d AP and lateral post-operative X-rays). He made a good recovery with rehabilitation and his anticoagulation was converted to warfarin, target INR 2-3, and then stopped after 6 months with no further adverse events Eur Spine J (2011) 20:1405-1416 1411 series have reported less valuable results [31, 36] . In addition, it may be felt that in the context of acute polytrauma patients, MRA is unsuitable given the long scan times and challenges of safety within the scanning environment. Duplex ultrasonography (USS), although the least invasive and most readily accessible modality, suffers from poor sensitivity. A recent large study reporting 1400 blunt carotid and vertebral artery injuries [37] quoted an overall sensitivity of USS in the region of 38.5%. As the authors mention, possible reasons may be that USS has technical limits in assessing vertebral arteries obscured by bone, stiff necks and central venous catheters.
The radiological features of TVAI include irregular ''rat's tail'' stenosis, double lumen, haematoma, and segmental dilatation and occlusion [23] . These features may be used to grade severity of TVAI according to the Denver criteria (Table 1) .
During the screening process, it is important to consider the individual patient's premorbid state (atherosclerosis), collateral system and the vertebral artery dominance of the posterior circulation. These factors may be used to consider the risk of progression of an asymptomatic injury and the potential risks of invasive treatment [23] . Collateral circulation may derive from the anterior circulation via the posterior communicating arteries, from anastomoses via branches of the external carotid artery (e.g. the occipital arteries), the thyrocervical trunk, the costocervical trunk or via muscular and spinal branches of the more proximal vertebral arteries [3, 9] . The left vertebral artery is Follow up: Repeat CTA within 2 weeks to establis h resolution and rule-out any stenosis or aneurysms which may need treatment . Grades II-IV very high chance of progression Fig. 3 Algorithm for assessment, screening and management of TVAI a dominant in about 60% of people [38] . Knowledge of these factors must inform management strategy [23] . For example, a patient with a left dominant system and minimal collaterals with a high-grade left VA injury may merit earlier, more aggressive management than a young patient with minimal evidence of atherosclerotic disease and a low-grade injury to a relatively hypoplastic vessel. Features of the individual's posterior circulation could be used to develop a risk stratification system for cases which require early management and careful follow-up. This system would be especially useful in the decision of whether to treat asymptomatic but high-risk TVAI.
Should TVAI be considered together with traumatic carotid injury?
Biffl et al. produced a detailed algorithm for the diagnosis and management of blunt cerebrovascular injuries in adults [5] . This algorithm used CTA for diagnosis and recommended anticoagulation for all but grade 5 (transection) injuries using the Denver Blunt Carotid and Vertebral Artery Grading Scale and the Denver Screening Criteria for blunt cerebrovascular injury [4] . However, the major limitation of this work is the inclusion in both sets of Denver criteria of carotid and vertebral injuries as a single entity. Anterior and posterior circulation injuries are different in terms of their time course to presentation, their mechanism, associated collateral circulation, surgical and endovascular access and their clinical consequences [32] . It has been suggested that risk factors for TCAI/TVAI do not entirely overlap. There are associations between TVAI and complex cervical spine fractures including foramen transversarium fractures, but this does not apply to TCAI [39] . A recent review highlights that in the Colorado grading scheme for radiological features of blunt TVAI and TCAI, the radiological severity of carotid injuries correlates with clinical presentation and prognosis, whereas in TVAI the radiological grading has no bearing on the clinical presentation [40, 41] . Stroke rates are higher with TCAI compared with TVAI according to a series of 147 patients where the stroke rate with TCAI was 12% and was 8% with TVAI [24] . Fusco and Harrigan, in their recent review, also point out that death rates are higher for TCAI than for TVAI [40] . Traumatic aneurysms are more common in TCAI than TVAI, which is important as these aneurysms tend to enlarge. This has implications for screening and follow-up time.
The differences between TVAI and TCAI are summarised in Table 3 . Whilst undoubtedly TVAI and TCAI may be screened together owing to convenience, there needs to be a distinction between risk factors for symptomatic TVAI and TCAI to establish which subgroup of asymptomatic injuries are likely to progress and therefore require aggressive therapy. Due to these differences as well as the commonplace use of CTA and MRA, it may be useful to reconsider who to screen for TVAI and how.
Conventional treatment of TVAI
No level 1 or 2 evidence exists regarding the management of various grades of TVAI. The options for treatment include observation (most common), anticoagulation and surgery. Most of these lesions occur high at the base of the skull or within the foramen transversarium, making surgery difficult and unsafe. Anticoagulation is typically with heparin followed by 3 months of warfarin [42] , the target INR based upon patient comorbidities and any relative contraindications to anticoagulation. Other options for anticoagulation in TVAI include antiplatelet agents such as aspirin and clopidogrel. There is no consensus on the choice of drug for anticoagulation with recent evidence suggesting equivalent effects of heparin and antiplatelet agents [32] . However, since unfractionated intravenous heparin infusions can be rapidly reversed whilst antiplatelet agents cannot be reversed so easily, there is a strong argument for using heparin in patients who may require surgery or a radiological procedure during their admission. Table 4 summarises the evidence for medical treatment of TVAI.
The actual risk reduction due to anticoagulation in TVAI is unknown. Proponents of anticoagulation have cited significant stroke risk and complications in patients who were not anticoagulated [26] . However, one paper showed only a nonsignificant trend toward deterioration and higher stroke risk in unheparinised patients [15] . Potential sources of bias in these studies relate to the inclusion of patients with severe head injury, lack of clear explanation regarding ''subtherapeutic anticoagulation'' and nonrandom allocation of patients to treatment versus conservative management groups [3] . The efficacy of heparin and/or antiplatelet agents in symptomatic versus asymptomatic TVAI is therefore not known. Absolute contraindications to anticoagulation in such patients include ongoing bleeding from any source, impending surgery and bleeding diatheses. Relative contraindications include the presence of an external ventricular drain (which may have been placed for associated cerebral trauma), recent intracerebral contusional injury and conservatively managed subdual haematomas. Recent data indicate that up to a third of TVAI patients receive no treatment owing to their moribund condition and 44% have evidence of cerebral infarction on admission before any treatment is started [24] . Heparin anticoagulation is likely to be of less benefit in patients who have already suffered a posterior circulation infarct.
The head injured patient will often have coexisting TVAI-Biffl et al. [15] reported traumatic brain injury in 41% of 79 patients with TVAI. Thromboprophylaxis in the setting of intracranial or spinal trauma is well discussed [43] . The incidence of intracranial haemorrhage after thromboprophylaxis 72 h post-admission in head injured patients is no greater than in control patients using prevention dosage. The effect of treatment dose heparin in TVAI is unknown, although it should not be instituted in the first 24 h and not before progression to frank vertebral artery rupture has been excluded. In polytrauma cases with TVAI, it is important to establish early on the nature of other injuries and if these preclude early anticoagulation.
The extent of medium and small vessel vasospasm in TVAI is unknown. If present, it may contribute to brainstem ischaemia, analogous to the role of vasospasm in aneurysmal subarachnoid haemorrhage. The frequency of vasospasm after TVAI and its contribution to ischaemia are unknown. If vasospasm is found to be a common and clinically relevant problem, there may be a role for prophylactic calcium channel antagonists to reduce it.
Supportive evidence for conservative management of TVAI in the presence of associated cervical spine injury can be found in a short series of eight patients with asymptomatic TVAI with cervical spine fractures and six with spinal cord injury. This study reports that no treatment for the TVAI, until the associated cervical spine fracture had been operated upon and then starting anticoagulation, was not associated with any ischaemic events [44] .
What are the treatment options for TVAI when anticoagulation is contraindicated?
As above, coexisting TBI or polytrauma means that anticoagulation may be temporarily contraindicated. If TVAI is discovered, especially if high grade, symptomatic or in a patient with poor collateral supply, alternative treatment options may be required. The other key form of treatment for TVAI, besides anticoagulation, is endovascular. Endovascular techniques include stenting, vertebral artery occlusion and pseudoaneurysm coil embolisation, either individually or in combination. The choice of technique is dependent on the grade of the TVAI, the site of the injury and presence of collateral circulation/dominant vertebral artery. For example, a TVAI causing distal embolisation in the presence of good collateral supply is more likely to be treated with proximal occlusion in contrast to a pseudoaneurysm in a dominant vertebral artery causing symptoms despite therapeutic anticoagulation, which might be managed with a covered stent [6] .
Endovascular management strategies have been extensively evaluated in spontaneous VAI, but not in the setting of the specific challenges presented in TVAI-including the effect of other head and neck injuries. There are no large clinical trials comparing endovascular therapy with conservative or medical management. Table 5 summarises the current case series and reports of endovascular management for blunt TVAI. It is worth noting that the endovascular procedure itself requires the patient to be temporarily heparinised, typically with a single dose. Many institutions follow endovascular therapy with 3 months of antiplatelet agents, depending on the device(s) deployed. Endovascular management is more challenging in young children owing to small diameter of vessels, resulting in increased associated risk of stent thrombosis [17] . A case of local intra-arterial thrombolysis in a moribund patient with TVAI and clot that occluded the entire right vertebral artery as far as the basilar tip reports successful outcome, with the patient returning to employment [45] . The current experience with thrombolysis is limited and its use is currently as a last resort in patients with a large demonstrable intravascular clot and poor neurological condition [46, 47] . As experience of the technique increases, it may be possible to develop a list of radiological findings predictive of effective thrombolysis. Complications and adverse events of endovascular intervention in TVAI are anecdotal. The Denver studies provide data on complications of carotid artery stenting after TCAI [4, 32] , but this cannot be extrapolated to TVAI, which should be examined as a separate entity as the mechanism, symptoms and ease of surgical and radiological access to the carotid and vertebral arteries differ [19] . Currently, the only long-term follow-up of endovascular treatment is with regard to carotid artery injuries [48] . Long-term studies are needed to focus on outcomes and complications of endovascular treatment for TVAI.
The VA is more difficult to access surgically than the CA and surgery is seldom attempted in the setting of TVAI. Open surgical management should be a last resort treatment for patients unresponsive to medical or endovascular therapy. Surgery may have a role in complete VA transactions that have failed embolisation. Rapid neurological deterioration in spontaneous VAI has been managed by anticoagulation with or without a stent. In the patient where anticoagulation is absolutely contraindicated and endovascular treatment is unavailable or has failed, surgery may be appropriate. There is no consensus on the most suitable surgical approach and procedure, although bypasses and grafting have been attempted. Surgery to the VA is associated with high morbidity and mortality, which is likely to be increased further if there is coexisting traumatic brain injury.
The only definite indication for open surgical treatment is packing and surgical ligation in the event of uncontrollable haemorrhage. The endovascular option in this case would be vessel sacrifice with coil embolisation/detachable balloons, although emergency provision of interventional radiological services is not a standard of care in many centres.
Follow-up CT angiography can be performed after treatment, although an optimal time for repeat imaging has not been established, as TVAI radiologically evolves or resolves in the 7-10 days post-injury [31] . Clinical deterioration should prompt earlier scanning, otherwise the patient can be reimaged approximately 2 weeks post-injury to assess radiological change and for the presence of stenosis or aneurysms.
Conclusion
TVAI is a common finding in trauma patients with increased incidence in head and neck injuries. Although usually asymptomatic, it can lead to cerebellar and brainstem infarction in a minority of patients. TVAI is best screened for using CT angiography. Screening criteria are based upon a likely mechanism of injury or features in the history and examination suggestive of neck trauma or posterior circulation insufficiency. Radiologically proven TVAI may be graded according to clinical presentation and radiological severity. Taking these factors into account, treatment may either be medical with antiplatelet agents or heparin, or can be endovascular. We recommend high-grade and symptomatic injuries to be treated by endovascular approaches. Asymptomatic injuries with a low-radiological grade can be managed medically if there are no contraindications. Follow-up CT angiography may be performed a few weeks post-presentation to assess for resolution or progression of the injury.
